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Abstract: To investigate the expression characteristics of sex related gene of FTZ-F1 in the half-smooth tongue-sole 
(Cynoglossus semilaevis), the homologue FTZ-F1 (hsFTZ-F1) full-length cDNA was isolated from the testis by 
homologous cloning, and the cDNA included the open reading frame and a 66bp 5'-UTR, along with a 1619bp 3'-UTR, 
encoding a predicted 485 amino acid protein. Sequence, tissue distribution and phylogenic analyses of the FTZ-F1 showed 
that the hsFTZ-F1 belonged to SF-1/Ad4BP group. The hsFTZ-F1 transcripts were highly abundant in the gonads, kidneys, 
brain and head-kidneys, but weakly in other tissues. However, the expression level in the brain and head-kidney of female 
was highly abundant than in the male. The hsFTZ-F1 expression was highly abundant in the embryo than in the larvae, 
which suggested that the hsFTZ-F1 may be involved in the organogenesis in the tongue sole. 
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The fushi tarazu factor-1 (FTZ-F1) is a member of 
the nuclear receptor superfamily and was originally 
found as a regulator of the Drosophila homeobox 
segmentation gene FTZ (Lavorgna et al, 1991). FTZ-F1 
homologues have been identified in human, mouse, 
Xenopus laevis and in a number of teleost species (Oba 
et al, 1996; Lala et al, 1992; Ellinger-Ziegelbauer et al, 
1994; Zhang et al, 2006, Chai & Chan, 2000; Watanabe 
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et al, 1999; Von et al, 2002). In mammals these genes 
have been classified as either SF-1/Ad4BP (steroidogenic 
factor-1/adrenal 4 binding protein) or LRH/FTF (liver 
receptor hormone/a-fetoprotein transcription factor) 
related. Mammalian LRH/FTF receptors are expressed in 
the pancreas, liver, intestine, and ovary, and are mainly 
involved in the homeostasis of cholesterol and bile acid 
(Lu et al, 2001). Mammalian SF-1/Ad4BP was expressed 
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in the adrenal cortex, ovary, testis, placenta, adipocyte, 
and brain (Honda et al, 1993). It has been shown that the 
SF-1/Ad4BP is a key regulator of the development of the 
hypothalamic pituitary adrenal and gonadal axis and an 
essential factor in sex differentiation (Parker & 
Schimmer, 1997; Hammer & Ingraham, 1999). The 
mammal SF-1/Ad4BP genes are important regulators of 
steroid biosynthesis by controlling transcription of many 
P450 enzymes (Hammer & Ingraham, 1999). They are 
expressed in steroidogenic tissues and are involved in the 
embryonic development of adrenals and gonads 
(Sadovsky et al, 1995). The SF-1/Ad4BP also involved 
in the regulation of MIS (Mullerian inhibiting substance) 
transcription and promotion of testis development (Shen 
et al, 1994; Giuili et al, 1997). 

In fish, several FTZ-F1l have been isolated, and 
some forms of FTZ-F1 homologues could not be put into 
either group (Von et al, 2001). The teleost FTZ-F1 may 
be involved in tissue differentiation and may play a role 
in the sexual maturation. However, the information needs 
to be greatly expanded in respect to the functional study 
as well as the diversity of fish species. 

The half-smooth tongue-sole, Cynoglossus semi- 
laevis, is a newly exploited and commercially important 
cultured marine flatfish in China, in which females grow 
2-4 times faster than males. Regarding the potential role 
of FTZ-F1 homologues in the gonadal development, it 
would be of interest to study the FTZ-F1 homologue in 
the tongue sole. In this report, a homologue FTZ-F1 
cDNA was cloned from the testis of the tongue sole, and 
its spatio-temporal expression patterns was examined. 


1 Materials and methods 


1.1 Materials 

For the cloning and measurement of FTZ-F1 mRNA 
in the tongue sole, the gonads, liver, spleen, kidneys, 
brain, heart, muscle, head-kidneys, gills, skin, intestine 
and eyes were collected from a two-year-old fish. They 
were snap frozen in liquid nitrogen, and stored at —80°C 
until use. In addition, the embryo of germ cell, zygote, 
8-cells stage, blastula stage, early of gastrula, middle of 
gastrula, neurula stage, tail-bud stage, heart beating stage, 
and the larvae of hatching, 1day after hatching (dah), 
12dah, 19dah, and 25dah were also collected. The fish 
were obtained from the Haiyang 863 High-Tech 
Experimental Base, Haiyang city, China. 
1.2 RNA extraction and cDNA cloning 

Total RNA extraction and reverse transcription were 
carried out as described (Chen et al, 2001). A pair of 


degenerate primers (P1: 5'-TBCTCACVTGY GAGAGC- 
TGYAAG-3'; P2: 5'-GMAGCATY TCRAT VAGVAGGT- 
TG-3') were designed according to the conserved 
sequences of the FTZ-F1 gene in other teleosts and used 
to amplify a FTZ-F1 cDNA fragment of approximately 
1217 bp from the tongue sole testis. PCRs were carried 
out at 94°C (30s), 55°C (30s), and 72°C (60s) for 35 
cycles using a PTC-Peltier thermal cycler. Then, 5'- and 
3'-RACE were performed to obtain the 5' and 3' cDNA 
ends of Sox10 using the SMART RACE Kit (Clontech) 
according to the manufacturer’ s instructions. Two 
gene-specific primers were used for RACE: 
P3: 5'-AATTGCCTGCCTGAAGTTCATCGTCCTC-3'; 
P4: 5'-CTTCCAACCGCATCCCGACATTCAGACA-3'. 

The amplified fragments were separated and 
purified with a QIAEX II Gel Extraction Kit 
(QIAGEN). The purified fragments were then cloned 
into pMD18-T vector (Takara), propagated in E. coli 
DHS5a, and were sequenced using an ABI 377 sequencer. 
1.3 Sequence analysis and alignment 

The alignment of the amino acid sequence of 
FTZ-F1 protein was performed using DNAstar. The 
sequences used for comparison and their GenBank 
accession numbers were as follows: Oryzias latipes 
(mdFTZ-F1: BAA32394), Acanthopagrus schlegelii 
(sbFTZ-Flb: AAS75792), A. schlegelii (sbFTZ-Fla: 
AAS75791), Oncorhynchus mykiss (rtFTZ-F1: 
AAW83490), Danio danio (zebrafish fflb: AAF43283), 
Ictalurus punctatus (ccNR5A1: AAY45704), Clarias 
gariepinus (acFTZ-Fla: AAG49004), C. gariepinus 
(acFTZ-F1b: AAG49005), Carassius auratus (gFTZ-F1: 
AAM89250), D. danio (zebrafish ff1d: AAO59489), Mus 
musculus (MLRH-1: AAA39447), O. mykiss (ttLRH-1: 
BAE71417), D. danio (zFF1A: AAK54449), Rana 
rugosa (rrFTZ-Fla: BAA94077), Gallus gallus 
(cFTF/LRH-1: BAA22838), Homo sapiens (hSF-1: 
AAB53105), H. sapiens (bFTF: AAD03155), Trachemys 


scripta (tuSF-1: AAD01975), R. rugosa (rrSF-1: 
BAA36789), M. musculus (mSF-1: AAB28338), G: 
gallus (cSF-1: BAA22839), Epinephelus coioides 


(grouper FTZ-F1: AAQ72771), D. danio (zebrafish fflc: 
AAK19303), Drosophila melanogaster (dFTZ-F1: 
P33244), Oreochromis niloticus (tSF-1: BAC75890) , 
Bos taurus (bAd4P: BAA02764) and C. semilaevis 
FTZ-Fl (ABQ41307). 
constructed with the neighbour-joining method using 
Mega 3.1. 

1.4 RT-PCR analysis of FTZ-F1 expression in the 

tissues, embryos and larvae 


A phylogenetic tree was 


594 Zoological Research 


Total RNA was isolated from various tissues, 
embryos and larvae at different phase. Then, cDNA was 
synthesized and RT-PCR was employed for analysis of 
FTZ-F1 expression. Total RNA isolated from tissues was 
used as the initial template for RT-PCR. The PCR 
reaction was performed as described above. A pair of 
gene specific primers (P5: 5'-TCATCGTCCTCTTCAA- 
CCCCAAT-3'; P6: 5'-GTTCATGTAGCACAGGTAGTC- 
CT-3') were used to amplify 206 bp FTZ-Fl cDNA 
fragments by PCR of 94°C (30s), 55°C (30s) and 72°C 
(60s) for 35 cycles using a PTC-200 Peltier thermal 
cycler (Fig.la). A 450bp B-actin fragment was amplified 
as an internal control with a pair of B-actin primers 
(actinN 1: 5'-AGGTGATGAAGCCCAGAGCA-3'; 
actinCl: 5'-GCAGTGGTGGTGAAGGAGTAG-3'). All 
the PCR products were electrophoresed on 1.2% agarose 
gel and gels were stained with ethidium bromide to 
visualize bands. 


2 Results 


2.1 Isolation, characterization and phylogenetic 
analysis of FTZ-F1 cDNA 

After RT-PCR and subsequent 5' and 3'-RACE, a 3 
143bp FTZ-Fl cDNA was obtained (Fig.1). This clone 
contains the poly (A) tail. The FTZ-F1 cDNA included 
the open reading frame and a 66bp 5'-UTR, along with a 
1619bp 3'-UTR, encoding a predicted 485 amino acid 
protein, and including the highly conserved DNA-bind- 
ing and ligand-binding regions (I, II, and III, FTZ-F1 box, 
and the activation function-2 (AF-2) hexamer (Fig.2). 

The deduced amino acid sequence of the tongue 
sole FTZ-F1 had 16.1%-—71.5% identity with that of the 
other vertebrate. A higher level of identity was found 
when the tongue sole FTZ-F1 was compared to the other 
FTZ-F1 proteins. A higher level of identity was found 
when the tongue sole FTZ-F1 was compared to the other 
teleosts FTZ-F1 proteins. The deduced amino acid 
sequence of the tongue sole FTZ-F1 had 71.5%, 70.7%, 
63.3% and 57.2% identity with that of the Oncorhynchus 
latipes FTZ-F1, O. niloticus FTZ-F1, O. mykiss FTZ-F1 
and A. schlegelii FTZ-F1, respectively; had 53%, 48.4% 
and 46.2% with that of the Gallus gallus SF-1, Homo 
sapiens SF-1 and Bos taurus Ad4BP respectively; had 
44.7%, 42.3% and 37.5% with that of O. mykiss LRH-1, 
G gallus LRH-1 and Mus musculus LRH-1 respectively. 
The lowest sequence identity was with the Drosophila 
melanogaster FTZ-F1. The tongue sole FTZ-Fl was 
40.8%, 37.5%, 35.5% and 25.3% sequence identity with 
Danio danio fflb, ffla, ffld and fflc, respectively. The 
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tongue sole FTZ-F1 amino acid sequence and several 

published FTZ-F1 in various vertebrate species were 

used to infer phylogenetic relationships. And the 

phylogenetic tree shows that the tongue sole FTZ-F1 

clustered firmly with other teleosts FTZ-F1 (Fig.3). 

2.2 Tissues, embryos and larvae expression of 
FTZ-F1 

The FTZ-F1 mRNA expression in different tissues 
of the tongue sole was analyzed using RT-PCR. It was 
demonstrated that the FTZ-F1 transcripts were highly 
abundant in testis, spleen, female brain and female 
head-kidney, intermediately in ovary and male head-kid- 
ney, and weakly in kidneys, liver, heart, muscle, gills, 
skin, intestine and eyes (Fig.4). And the FTZ-F1 
transcripts in female brain and head-kidneys was highly 
abundant than in male brain and head-kidneys. 

The tongue sole FTZ-F1 expression in the embryos 
and larvae was also analysed using RT-PCR (Fig.5). The 
FTZ-F1 was expressed from the germ cell to the 25 dah. 
The FTZ-F1 transcripts were highly abundant during the 
embryo development. However, the FTZ-F1 decreased 
during the larvae development. 


3 Discussion 


We have successfully cloned a homolog FTZ-F1 
from the tongue sole testis. Phylogenetic analysis of the 
tongue sole FTZ-F1 showed that it clustered firmly with 
other teleosts FTZ-F1. Amino acids alignment analysis 
showed that the FTZ-F1 is characteristic of nuclear 
receptor superfamily, with highly conserved regions of 
1, Il, II, FTZ-F1 box and AF-2 hexamer. The tongue 
sole FTZ-Fl shared 86%—-100%, 92%-100% and 
83.3%-100% with other vertebrate Region | , FTZ-F1 
box and AF-2 hexamer. The sequence identity showed 
that the tongue sole FTZ-F1l was the highest with 
Oncorhynchus latipes FTZ-F1, O. niloticus FTZ-F1, O. 
mykiss FTZ-F1 and Acanthopagrus schlegelii FTZ-F1, 
higher with vertebrate SF1/Ad4BP, lower with LRH-1, 
and the lowest with Drosophila melanogaster FTZ-F 1. 

The tongue sole FTZ-F1 expressed widely in the 
tissues, with highly abundant in gonad, spleen, brain and 
head-kidneys, which suggested that the FTZ-F1 belonged 
to SF-1/Ad4BP (Parker et al, 1997; Hammer et al, 1999). 
However, the tongue sole FTZ-F1 expressed weakly in 
the liver, which implied that the FTZ-F1 is some of 
LRH/FTF (Lu et al, 2001). During embryogenesis of 
zebrafish, the expression of homologues FTZ-F1 was 
detected in the pituitary, mandibular arch, pronephric 
duct, liver, rostral diencephalons, hindbrain, and pancre- 


No.6 DENG Si-ping et al: Molecular Cloning and Expression Analysis of FTZ-F1 in the Half-smooth Tongue-sole, Cynoglossus semilaevis 


ac teceaactcctcagccecercagagtceccacacaccceccart ragcecac gcagccat tcachTGTIGGCAGCACAAACCICCCOGT 
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91 GITATCTIGAACGTGATGGAATACACGTATGACGAAGACCTGEGAAGAGCTGIGTCCTGTGTGTEGAGACAAAGTGITCTGGGTATCATTAT 
-REES ee i aa O Gs Se Aa R oe EN ad a HS) GE T co E aa ca te | O A A E nel: (a $ 
131 GOTITACTAACCTECGAGAGCTGCAAGGGCTICTICAAGAGRACGGTGCAGAAC AACAAGGGATACACGTGTGCGGCAGAACCAAGAGTGT 
Hre TDL TC £3 € 2.6 F FE BT Ye ER EGC ITC A E-E R EI 
271 AA AATAGACAAGACACAGAGARAGACGT GICCTTICTGICGATICC AGAAATGT CTIGAATGIC GOGATGCGG TIGGAAGCG GIGCCAGC G 
O Et DET @ RE ROG. PP OR FQ ELC LV Ge eR EL EMKACY RS 
561 GATCGCATGCGTGGAGGGAGCAAACARATTIGGCCCCATGTACAAGCGAGACAGGGCCTIGAAGCAGCAGRAGAAAGCGCTAATACGATCA 
9. DEER 6 eR Se SESE: TE SR aL Ee ae RS Te IES 
451 AA TGGCTICAAGCTGGAGA ACGGCGTIC CACCOCAGTCGGTTICCC COCTOCAGGICGACTAC GGTITAATC AACACCATICACTCCCTC 
129 S&C FE LER EVP Pas eS PL eee Y GL Ie tT Te Ss L 
541 CCCACGATCTC TAAAGGTGCGCCGCCTCCCATICCAATCTCAGACTACGAGGCC AACCTCTGC GGAGCCACTGCTGTAGGG ATGACCATG 
03 P TTS BGA PT PP TP 8 BT ER EF LEG A T AY GETS 
651 CAGCCCCACTIGGCCCTCTC ATCICAGT ACC AGCCCACGGCCTICGCCAGCAGAGCCATC AAA GCCGAGTIGC CCTGATCAC ACGAGCTCA 
WM OP 2 Las eee a PTA FA ORCA TES EO EO ETS Ss 
721 CCCGAGICTCTTATAGGATACTCGTACCCAGACGTTTACCCTGCCACTGCCTCACCGCAGCTGCCCGGTCTGCCACCACTIGTACTGGAG 
29) FES Ek EBT E ee Ek Ieee S a S a a a a ee 
811 CTGCTIGGCTGCGACCAGG ACGAACTGATGGTGC AGA ATAAGATCATIGCTCAC CTCCAACAAGAGCAGGGC TOC AGCCGTGGCCGACAT 
oe EC St De DEE 2 8 TE 8.1 tw R EL Se ER eC. BOR: Cas 
$01 GACKAGAGCAGCACATITAGCCAGATGIGICGAATGGCAGACCAGACTCTCTIC TCCATAGTIGGAGTGGGCC CGOGAGCTGC GCCTICTIC 
2. DES STFS. RR CCR ROADSTER RSE Ck EOE 
991 ARAGAGCTTARAGTIGGAGATCAAATGAAACTICTCC ATAACTGCTGGTCAGAACTICIGGIGTIGGATCAC ATTTTTAGACAAGTGCTG 
a8 BEL Bd E e E E a S eR e A A a O a a DRT oF G a a S 
1031 CRTGCCARGGAAGACAGCATICTGCTGGT AACCGGCC AGGAGATCA AGCTGCCATIGATCCTAGATGAAGTI GATGCAACC TIGICCAGT 
Boe Beh ROE DS Ls Te 8. EEL: SE Se Y BS a T 
1171 CTGGTICAAAA AGGACARAATTIGGCCATGAGGTIGC ACACACTIC AAGTGGAC CGCAGGGARATIGCCTGCCTGAAGTIC ATCGTCCTC 
9 a e aee oa RR LA ERD Ae Toe VOR RET AT RE EYE 
1261 TICAACCCCAATGCTARAGA TGCCGGAGAACCAGGCCT TIGIGGAGG GGGTCCAGGAGCAGGTG AATGGAGCT CTICTGGAG TATACCTIG 
T F- PF FY EE POE SOA VE CFR Ee VEC LVL EE YT 
1551 AC AACCTACCC TCAGTICC AAGAAAAGT TCAGCCAAT TGTIGGTIC CTTIGACAGAGGTGCGOC TCCCTCAGC ATCC AGGCC GAGGACTAC 
GT Te Pe EQ EK FSR Lk Le Let ER RS LS O £2. Bet 
1441 CTGTIGCTACATGAACCTGAGTGGTCAGGTGCCCTGTAACAATCTGC TCATTGARATGCTGCACCGCCARACGGGCATGITGTG TGheceaca 
Co LG FES LS. ee SCS EL Lhe 2 Ee 2 Se RAC 
1551 teceeeecaat etcactetcccattetcattcecatecctattttteteteecteattceetcarccacagte tratarare teerasasac 
1621 anaatecttctacteceactatttttctamcccagactctattecaatcattacectccacat ttactagtacectageratactceeea 
1711 ttttecacctcantctant gttacatca taracascatgettreatttcecttttttatatctagtttcagtttttcetttttetcarasatct 
1801 asaasgttctacaraterecet tettettagasacacat ttaccttttacassacagtractttectreaascttaateettete ttcacacte 
1891 aacetcttancancacancactactact tacattteecacantecaatttanttttateecttanttctccaagactctcactantatan 
1931 ceteatctctcatcactctcactcactattctatcttictictctaastacatt teacicttattectantcasactcagacctcctcaa 
2071 ccactereccacagaccercaccaceccactecttat ttactatttcactacanceacanaananaactatttictctttcattcattcat 
2161 ttantctcttt tacttant tantctcacctaattacetateccttt teatecat eccantasagcetcttteceacacattct tcassacag 
2251 cecanaatcc ttcacacct cantttatettacaaatttectatecatantatttectattcanatttatectanaattttactttaatec 
2541 actttatatttctcttantatcacccectttattttatttactccaattcatttaactcctatcttcatcatcactctctectctttcat 
2451 taactcacect etetectcanaagcttecacaccttt catcanact caccttcteattcteccetttetctttcatttacat ttctaaaca 
2521 ttactctctctcttantatattctaactatectttcttttttceacatctctcactacctccaaacttcttaaacteccacacarcacaat 
2611 tatteanncanacatastecattaccct ecactcttaacaneaacc tecasmcateectectcttatanttecatcctttatcanaaste 
2701 tecacttcant ctcacettactecaccaatettetcnanecctcactceacatcactcanatatcanacteauacatttatt ttaraacag 
2791 an pagataacecancatttcctctantt tecamacanectcantcaacanaacaataccttttannmanaccactccectcatantttca 
2331 ccattctctetteetttttatccacagtettgetcasaaaggtttracccasaatactttttec tecttcasaagagatgttetttttatt 
2971 tttatactcetctataracacattcagatcagarcaractetttctanagcactacetttceacattattct macattttaccanctect 
3061 agaacatectt ttasccagacanaccttcactctranantranant ttanatec trcasassaassassassaa3333333333 
Fig. 1 cDNA nucleotide (GenBank Accession No: EF555726) and predicted amino-acid sequences 


of the Cynoglossus semilaevis FTZ-F1 
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Nucleotides are indicated above and numbered to the left of each lane (upper row). The deduced amino acid sequence is shown below the 


nucleotide sequence. Amino acids are numbered to the left of each lane (lower row).The start codon ATG is underlined; the stop codon is 


indicated by an asterisk; the poly (A) signal is shaded in gray; the lowercase indicated 5' and 3'UTR. 


as (Liu et al, 1997; Chai et al, 2000; Von Hofsten et al, 
2001), indicating that they may be involved in tissue 
differentiation. The present results indicated that the 
expression of the tongue sole FTZ-F1 was detected in all 
stages examined from zygote to 25 dah of the tongue 
sole. High levels of expression during embryogenesis as 
suggested by the gel image indicated that the tongue sole 


FTZ-F1 might be involved in the organogenesis of the 
tongue sole embryo. 

The orange-spotted grouper Epinephelus coioides is 
a protogynous hermaphroditic fish, and the expression of 
FTZ-F1 in the gonad also decreased significantly in 
response to MT treatment (Zhang et al, 2006). The 
Ad4BP/SF-1 increased in parallel with the onset of the 
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nsr BEITE TERE RIOETONERC PN MORE L LU A E UTT Oral Ina ie 119 
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FLETY PHACCLOCIQAIHFOS ARTIES EXPDPYTSS PE--5 LAC~ YPYVEAY- ACCS P-~ PS FPHLVVELLEC EPDEPQVO 296 
asri PHO- PLAC- YLYPAFS ERTIES EYPEPAS PPOOPCPP-~ XS YPEPF-SCC----PEVPELILOLLOLEPEEDNQVA 242 
115 Fa EHA- PLSC~ YHYSS FOS ARTIES EXPDHYS VHI PS TACCYVYPEAY™ TS TSQ- POIPEVILELLOLEPDEPOQIE 247 
XUFTI“F1 PIK- PLPTOXOYTAF PS MAIES EXPDPYTSS PE-~S LWO- YPLPDC-YPSCCS POLPSOPPLVLELLIC DPDENQVO 265 
NOFTI“F1 «BET IAHLQQEQCCS PCRHDESS TFS CAC PRARQTLFS XVEMBISCA FFTELE V-O E LLH EW ELLVLOHIFIO $56 
CPTF/LM 2 ARTNAYLOQEC- ANTS EHEELETFCLAC BRABQTLFS IVEMBISS IFFTELE VOD E LLQ K W5 ELLILOHTITO $61 
1G Fra ANILCE LO EP-- TES PPDOPAAFCLLC RARQTFES XVIMELICR VETELEWA0GITLLO EWS ELLVFOHTITO $i 
FFA ALCILAYLOQEQ AS PC EHEELETFC LÅ C SRABQTLFS IVEMLISS I FFTELE VOD E LLO EWS ELLILOHVFFO 370 
asa ANIA LOr EP AES FS DOPAPFS LLC RARQTFIS VIM WETELEAOGITLLO EWS ELLVLOHTITO $15 
nsr ARIISC LQQEG™~ BES RHEELSÀ FCLÅC BRARQTLFS IVENRFSC IYFTE LEW D ILLO EWS ELLVFOHIYTO $21 
TUFTI“F1 «—- SETNAFLQQEC-SCPE-PQEELS TFS LÅCPÄABQTLFS IVENRFSC IFFTELE W-D E LLH EYS ELLVLOHVF IQ 358 
NoFTI“F1  VLHARECG ILLVTCQETELPLILDEVDATLSS LVORCQNLAA ML in 
CPTF/LE 1 VVHVEECS ILLVTCQOVDTS VIASQACATLIBLAS HAQELVAELIY i50 
Wri VOH- RECS ILLVICQEVELTTVATOACS LLHS LVLAAQELVLOL 390 
PLET VÄ HAKECS ILLVTEQQVUYA L IASQACATLEELLS HAQELVS ELN 116 
asri VORTEC ILLVTCQEVELS TVAVQACS LLHS LVLMAQELVLOL $91 
11S Fra AQHS KERS ILLVICQETELS A LLAQACS TLEELVLAAQELVILLHI $97 
XUFTI“F1 «—- VOHERESS LLL VTCORNDLSSACSQACVTLSCLVOPCOVLACALL tat 
hzrTi- F1 ECVQEQVBCALLEXTLTTYPOFQEEFSOLLVPLTEVTS LSAQAEOYLC YÅ ELSCEVPC ME LLIZÝZHA ENAC V i86 
CFTF/LA 1 ECVQEQVILALLOYTAC BYPQOTDEFCOLLLILPEINAISAQAEEYLST EHLOC OVA BE Cezar 602 
Wri EOAQERAMAALLOYTLC HYPHECDEFQQLLLC LVEVMALSAQAEYLYHEHLC SER PREE LLIZÝAA LOT 161 
zF ES VOEQVEAALLOYWAC BYPQOTDEFCOLLLALPEIMAIS LOAEEYLYYEHLIK- OVP BE LLIZÝLHA EMA 617 
aSr EOAQERAMAALLOYTLC HYPHECOEFQQLLLC LVEVMALSAQAREYLYHEHLC SER PREE £2 228208 NOT i62 
nsi ES AQEEVIG ALA EYTÅC HYPHC TORYTLLLLALAE ING ISÅQAEEYLYHEHLSCEVPC BE LLIZÝLHA EMA 168 
XAFTi-Fi  ESVQEQVIKALLEYTLE TYPLYLOEFSOVVMMLPELMALS TOAEOYL( YEHLSCEVPC BE LLIZÉLHA ENAC V i87 
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Fig.2 Amino acid alignment of the Cynoglossus semilaevis FTZ-F1 (hsFTZ-F1: ABQ41307), Gallus gallus 
(cFTF/LRH-1: BAA22838), Homo sapiens (hSF-1:AAB53105), Danio danio (ZFF1A: AAK54449), 
Mus musculus (mSF-1: AAB28338), Rana rugosa (rrSF-1: BAA36789), Oncorhynchus mykiss 


(rtFTZ-F1: AAW83490) 


The highly conserved regions of I, II, II, FTZ-F1 box and AF-2 hexamer are shown in gray box, boldface, boxes, white letters in black boxes 


and italics, respectively. And gaps used to maximize the alignment are shown by dashes. 


female-phase and decreased as female became male in 
the serial sex changing goby, Trimma okinawae 
(Kobayashi et al, 2005). In O. latipes and O. niloticus, 
the aromatase promoter contains potential binding site 
for steroidogenic factor 1 (SF-1), which is involved in 
transcriptional regulation of P450 steroidogenic genes 
(cypl1A and B, steroid hydroxylases; aromatase) and in 


the formation of the gonads (Tanaka et al, 1995; 
Yasutoshi et al, 2003; Watanabe et al, 1999; Kuhl et al, 
2005). It suggested the FTZ-F1 was involved in the 
regulation of sex reversal. There is a potential binding 
site for steroidogenic factor 1 in tongue sole gonad P450 
aromatase (GenBank Accession No.: EF421177). 
However it remained to investigate weather the tongue 
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Fig. 3 Neighbour joining tree of the Cynoglossus semilaevis FTZ-F1 and FTZ-F1 from other organisms based 


on amino acid sequence 


Distances are used to construct the phylogenetic tree and bootstrap values based on 1000 resampling replicates. The bottom scale refers to percentage 


divergence (p-distance). 
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(bp) M Lee | K S B H Mu HK Gi Sk _ I F 
500 B -actin 
250 FTZ-F1 


250 FTZ-F1 
Fig.4 RT-PCR analysis of FTZ-F1 expression from 
various tissues of two year old female(a) and 
male(b) Cynoglossus semilaevis 
G, gonads; L, liver; K, kidneys; S, spleen; B, brain; H, heart; Mu, muscle; 
HK, head-kidneys; Gi, gill; Sk, skin; I, intestine; E, eyes and M, marker 
(DL2000). 


tongue sole FTZ-F1 homologues may play roles similar 
to those of their mammalian counterparts. However, the 


(bp) M 1 2 3 


TOS. 9. 10. AES 12.13 214 


250 hsFTZ-F1 
Fig. 5 RT-PCR analysis of the FTZ-F1 expression in 
the Cynoglossus semilaevis embryos and larvae 


1. germ cell, 2. zygote, 3. 8-cells stage, 4. blastula stage, 5. early of gastrula, 
6. middle of gastrula, 7. neurula stage, 8. tail-bud stage, 9. heart beating 
stage, 10. hatching, 11. 1day after hatching (dah), 12. 12dah, 13.19 dah,14. 
25 dah. 


information needs to be greatly expanded in respect to 
the functional study as well as the diversity of fish 
species. 
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